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Abstract 

A fossil species from mid-Cretaceous Burmese amber, Baeomorpha liorum Huber, Shih & Ren, sp. nov. 
(Rotoitidae: Hymenoptera), is described and illustrated. Its relationship to other extinct and extant taxa 
of Rotoitidae is discussed. The location of the amber deposits in which this species was found is well south 
of the “Baeomorpha Realm” proposed by previous authors who suggested that the origin and diversifica- 
tion of Rotoitidae occurred in North Laurasia. Based on the Burmese specimens, we suggest instead that 
the most parsimonious explanation for the past and present distribution of the family is to assume that 
Rotoitidae is an ancient lineage of Chalcidoidea that was originally widespread in suitable habitats across 
both Laurasia and Gondwana and later became extinct everywhere except Chile and New Zealand where 


the two extant genera occur. 
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Introduction 


Two extant genera of Rotoitidae (Hymenoptera), each containing one described spe- 
cies, are known: Rotoita Bouéek & Noyes, 1987 and Chiloe Gibson & Huber, 2000. 
Gibson and Huber (2000) reviewed the family, at the time thought to be known only 
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from extant taxa, and discussed its relationships to other families of Chalcidoidea. Gu- 
movsky et al. (2018) transferred to Rotoitidae the genus Baeomorpha Yoshimoto, with 
four species from Canadian Cretaceous amber classified by Yoshimoto (1975) in Baeo- 
morphinae (Tetracampidae). They described from Cretaceous Taimyr amber 11 new 
species of Baeomorpha and 1 species of a new genus, Taimyromorpha Gumovsky. They 
also placed Baeomorphinae as a junior synonym of Rotoitidae and synonymized two 
of the four Cretaceous Canadian species of Baeomorpha. The world fauna of Rotoiti- 
dae thus contains two described extinct genera with 13 described extinct species from 
northern Laurasia and two described extant genera with one described species each, one 
in Chile and one in New Zealand. Here, a new fossil species is described from mid-Cre- 
taceous Burmese amber and its relationships to extinct and extant taxa are discussed. 


Methods 


The new species is described from two specimens in a polished piece of Burmese amber 
from a deposit dated at about 99 ma (Shi et al. 2012). The amber piece also contains 
a few fragments of debris and an incomplete specimen of a nematoceran fly (Diptera). 
Morphological terms used in the descriptions mostly follow Gumovsky et al. (2018). 
Measurements of the two specimens, taken with an ocular micrometer attached to 
a Leitz binocular microscope at 100x magnification, are given in micrometers (um) 
except for antennal segments, which are given as ratios. For the most part body sculp- 
ture and setation, especially of the mesosoma, is not clearly visible so is not described. 
Photographs of slide mounts were taken with a ProgRes C14?" digital camera attached 
to a Nikon Eclipse E800 compound microscope, and a selection of the resulting layers 
combined electronically in Zerene Stacker. Abbreviations used in the descriptions are: 
fl for funicle segment. The amber piece containing the type specimens is deposited in 
the collection of Key Lab of Insect Evolution and Environmental Changes, Capital 
Normal University, Beijing, China (CNUB). 


Taxonomy 


Baeomorpha liorum Huber, Shih & Ren, sp. nov. 
http://zoobank.org/1B11F935-B7E7-4B2B-9DC1-8B8C45E529C5 
Figs 1-7 


Type material. Holotype female (Fig. 2, CNU-HYM-MA-2015007) and allotype 
male (Fig. 5, CNU-HYM-MA-2015008) (CNUB), in a single piece of polished am- 
ber (Fig. 1). Two labels are added to the container: “Holotype 2 Baeomorpha liorum 
Huber, Shih & Ren” [red label] and “Allotype 4 Baeomorpha liorum Huber, Shih & 
Ren” [yellow label]. 
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Figures |, 2. | Amber piece containing the holotype and allotype of Baeomorpha liorum 2 Baeomorpha 
liorum, holotype female, habitus. 
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Diagnosis. Female. Antenna (Fig. 3) with 1 anellus, 5-segmented funicle and 
6-segmented clava; fl fl, with wider junctions than those between fl—fl., and fl. and 
clava; fl, the smallest funicle segment. Male. Antenna (Fig. 6) with 1 anellus, 5-seg- 
mented funicle and 5-segmented clava. 

Description. Female. Body length 645. Colour fairly uniformly brown, with 
slight green metallic tinge (may be an artefact) under certain angles of reflected light; 
legs slightly lighter. Sculpture and setation not visible. Wings hyaline, with venation, 
including basal vein, brown. Head width 210, length ~125. Antenna. Scape (not 
clearly visible) in dorsal view narrow (Fig. 3); pedicel slightly wider than long (40: 30) 
and slightly wider than any flagellar segment; clava slightly longer than funicle + anel- 
lus (160: 140). Anellus 0.5x as long as wide and somewhat triangular; fl —fl, and fl, 
distinctly longer and wider that either anellus or fl Bs fl, about 0.95x as long as wide, fl, 
about 0.88x as long as wide, fl, about as long as wide, fl about 0.85x as long as wide 
and the smallest funicle segment, and fl, 1.2x as long as wide. Multiporous plate sen- 
silla (mps) visible on fl —fL,, fl, fl, and at least the apical three claval segments (not clear 
on remaining claval segments, but probably present); mps absent on anellus and f1,. 
The number of mps cannot be ascertained but there are at least two on each segment 
that has mps. Mesosoma length ~250, metasoma length ~335. Pronotum length ~50, 
mesonotum length ~140, metanotum length ~20, propodeum length ~40. Wings. 
Fore wing length 600, width 220, longest marginal setae 70; hind wing length 355, 
width 30, longest marginal setae 30. Submarginal vein 190, parastigma + marginal 
vein 100, stigmal vein 50, with uncus distinct; postmarginal vein ~150; postmarginal 
vein about 3.4x stigmal vein length. Metasoma length 340. Ovipositor not clearly vis- 
ible, slightly exserted beyond apex of gaster (Fig. 4) (a slight deformity/crack? in the 
amber makes it difficult to determine the true extend of the exserted part). 

Male. Body length 600. Colour as in female. Head width not measurable, 
length ~90. Mandibles crossing when closed, apparently with 3 equal teeth. Vertex 
with sculpture consisting of isodiametric reticulations. Antenna. Scape width ~30, 
length ~90, in lateral view (Fig. 6) as wide as pedicel and about 2x as long; pedicel 
about 1.0x as long as wide; anellus 1.5x as long as wide; fl Al, and fl. distinctly longer 
and wider (on one antenna) than or subequal (on other antenna) to fl, and distinctly 
longer and wider than anellus (probably on both antennae, the anellus not clearly vis- 
ible on one antenna). Mesosomaa. Slightly shorter than metasoma (250:270); sculpture 
of dorsum apparently consisting of small isodiametric reticulations. Pronotum not 
clearly visible, presumably short; mesonotum ~50; scutellum=90; metanotum ~20; 
propodeum ~50. Wings. Fore wing length ~590, width ~240, longest marginal se- 
tae ~50; postmarginal vein ~3.2x stigmal vein length; hind wing length 375, width 
40, longest marginal setae about width of hind wing. Metasoma. Gaster 270, with 
gastral terga subequal in length (Fig. 7), each ~40—50 (measured along dorsal margin). 
Genitalia ~60 (almost entirely exserted). 

Etymology. The specific epithet is a patronym honoring Mr. Li Jun and his wife 
from Jinan, Shandong Province, who obtained the fossil and kindly donated it to CNU. 
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Figures 3, 4. 3 Baecomorpha liorum, holotype antenna 4 Baeomorpha liorum, holotype metasoma. 
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Discussion. ‘The new species belongs clearly in Baeomorpha as defined by Gumovs- 
ky et al. (2018) They distinguished it from the other extinct genus, Zaimyromorpha, by 
the stigmal vein long and narrower than stigma, and uncus present (stigmal vein short, 
as wide as stigma and uncus absent in 7aimyromorpha). Baeomorpha differs from the 
two extant genera as follows: both sexes fully winged (micropterous in Chiloe), with 
notauli (only visible in male) complete and linear (notauli absent in Rotoita). 

On the basis of the pedicel being about as wide as fl, the female of B. Liorum 
keys fairly well to B. yantardakh Gumovsky but their images of the female antenna 
(Gumovsky et al. 2018, fig. 17) are very different so we conclude the Burmese female 
cannot be that species. If one continues past couple 9, their key becomes difficult to 
use because not all features mentioned, e.g., scape length and width and head width, 
can be seen properly or accurately measured on the female of B. Liorum. Similarly, at 
their couplet 10, not all features can be assessed properly but the most likely species in 
those couplets are either B. zherikhini Gumovsky or B. gracilis Gumovsky. The male 
of B. liorum keys best to B. gracilis because it has the distance between the junction 
of the stigmal vein with the marginal vein and the junction of the basal vein with the 
submarginal vein (PSM of Gumovsky et al. 2018) about 3.2x as long as stigmal vein, 
exactly as in B. gracilis. Assuming the two sexes of B. liorum are conspecific, we doubt 
that B. iorum is the same as any previously described Baeomorpha species. The distri- 
bution and possibly time of occurrence in the geological record (Taimyr amber is dated 
as Upper Cretaceous, 84-100 ma) also suggests that it is unlikely that B. liorum is the 
same as one of the previously described species of Baeomorpha from western Canada 
(Medicine Hat area, Alberta) or Taimyr amber. 

Gumovsky et al. (2018) noted the unusual variation in number of funicular and 
claval segments among the fossil Baeomorpha. While this meristic variation among 
species within a given genus is uncommon, it occurs widely among families of extant 
Chalcidoidea, notably, in females and sometimes in males, in several genera of My- 
maridae, the most ancestral lineage of Chalcidoidea (Heraty et al. 2013). Thus, the 
meristic differences seen among the various Baeomorpha species are not particularly 
unusual. In the male of B. Zorum the size of fl, differs between the antennae, a bilateral 
variation that occurs not infrequently in individuals of Mymaridae. Given this sort of 
variation we question whether Gumovsky et al. (2018) have not over split the species 
of Baeomorpha so far found in Taimyr amber. 

Mymaridae is the most ancestral lineage of Chalcidoidea followed by Rotoitidae 
and then the remaining Chalcidoidea (Heraty et al. 2013). Mymaridae are well known 
in the fossil record, with the earliest species occurring in 99 my old Burmese amber 
(Poinar and Huber 2011) and the family is worldwide and especially well represented 
in generic diversity in the Southern Hemisphere. In contrast, Rotoitidae, as old as 
Mymaridae based on the age of B. iorum, are now restricted as extant species to New 
Zealand and southern Chile. 

Gumovsky et al. (2018) proposed that Rotoitidae originated in Laurasia, based on 
the fossil evidence then available. This contrasts with Gibson and Huber (2000) who 
hypothesized a Gondwanan origin of Rotoitidae. Huber (2017) suggested that Chalci- 
doidea, or at least Mymaridae, originated in the Jurassic and perhaps the latter taxon was 
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Figure 5. Bacomorpha liorum, allotype male, habitus. 


already present even earlier and possibly was widespread in Pangaea. If so, the distribu- 
tion of Mymaridae and Rotoitidae, both as mid-Cretaceous fossils in northern Laurasia 
and in Burmese amber, and the present day distribution of both families as extant genera, 
either worldwide (Mymaridae) or in remnants of Gondwana (Rotoitidae), would then be 
explained simply as their expected distribution after the breakup of Pangaea began 200 
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Figures 6, 7. 6 Baecomorpha liorum, allotype antenna.7 Baeomorpha liorum, allotype metasoma. 
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million years ago. The distribution of B. liorum disproves the hypothesis that Rotoitidae 
originated in North Laurasia, specifically in their “Baeomorpha Realm” (Gumovsky et 
al. 2018, fig. 22) but does not exclude the possibility that B. iorum, perhaps together 
with other Burmese amber fossils, originated partly or entirely from somewhere in the 
southeast Laurasia mainland before or during the mid-Cretaceous. Rasnitsyn and Olm- 
Kiihnle (2018) supported the theory that the mid-Cretaceous Burmese biota, which 
includes B. iorum, was of a long-standing insular nature, the area having been separated 
from the rest of Laurasia for up to 140 ma according to one hypothesis (but not two 
other hypotheses) before the collision between the West Burma plate and Proto-South- 
east Asia mainland. They proposed that the Burmese amber fossil assemblage reflects a 
pre-collision rather than post-collision date. Geologists such as Acharyya (1998, 2010), 
Audley-Charles et al. (1988) and Metcalfe (2017) discussed the complex of areas that 
broke off from Gondwana and drifted north to collide eventually with the main Laura- 
sian landmass. Audley-Charles (1988, fig. 2) showed the position of Burma as separated 
by ocean from mainland Laurasia in the early Cretaceous. Metcalfe (2017) showed the 
collision and accretion of the Sibumasu plate (which includes Burma) to the Laurasian 
mainland in the Carboniferous-Permian. This is much earlier than the mid-Cretaceous, 
suggesting that the Burmese amber fossil assemblage reflects a post-collision date. Re- 
gardless, the close similarity of B. iorum to the Taimyr Baeomorpha species suggests that 
it probably derived from somewhere in Laurasia north of the southeastern area formed by 
accretion of the various land areas to form the area that is present day Indochina. 

It is notable that Archaeoteleia (Scelioninae, Platygastridae) (Talamas et al. 2016) 
has a very similar distribution to Rotoitidae, being present as an extant genus only in 
South America and New Zealand and as an extinct genus (with some morphologi- 
cal differences from extant species) in mid-Cretaceous Burmese amber. Incidentally, 
this is yet another example in Hymenoptera in which a given genus appears to have 
existed from the mid-Cretaceous to the present; the others belong to Chrysidoidea 
(Ross 2019, Martynova et al. 2019). The most parsimonious and, we believe, the best 
explanation for the extinct and extant distribution of Rotoitidae, Archaeoteleia, My- 
maridae and perhaps the other, unrelated, taxa as well, is to assume they all evolved 
earlier than currently thought, perhaps sometime in the Jurassic and were widespread 
across Pangaea in suitable habitats. For example, hosts of Archaeoteleia are members of 
Macropathinae (Orthoptera: Rhaphidophoridae), thought to have originated prior to 


the tectonic separation of the supercontinent Gondwana (Beasley-Hall et al. 2018). 
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